Background {#Sec1}
==========

The number of patients with osteoporotic vertebral fractures is continuously increasing with the aging of society \[[@CR1]--[@CR3]\]. Most fractures are expected to heal conservatively; however, in some cases, fractured vertebrae lead to insufficient union and acquire intravertebral instability. As a result, vertebral bodies progress to delayed collapse, a process referred to as osteoporotic vertebral collapse (OVC), causing protrusion of bony fragments into spinal canal and segmental kyphosis, and ultimately causing neurological deficits \[[@CR4]\]. In these cases, surgical procedures are recommended, including anterior reconstruction \[[@CR5]\], posterior spinal fusion \[[@CR6]\], anterior and posterior combined surgery \[[@CR7]\], posterior spinal shortening \[[@CR8], [@CR9]\], and vertebroplasty with posterior spinal fusion (VP + PSF) \[[@CR10]--[@CR16]\].

VP + PSF is one of the most widely accepted procedures that achieves neurological recovery and pain relief; compared to other procedures, VP + PSF is less invasive but tends to be associated with greater correction loss \[[@CR7], [@CR17]--[@CR19]\]. Nevertheless, because of a lack of evidence regarding the extent of VP + PSF for OVC with neurological impairment, no consensus has been reached regarding how many spinal segments should be fused using this procedure. Therefore, in this study, we investigated the effect of fusion extent on surgical outcomes of VP + PSF for treating OVC with neurological impairment in the thoracolumbar spine.

Methods {#Sec2}
=======

This study was reviewed and approved by the institutional review board of all institutions involved. This was a retrospective study of patients with OVC with neurological impairment who underwent surgical intervention from 2005 to 2014 at 27 university hospitals and their affiliated hospitals, which participated in the Japan Association of Spine Surgeon with Ambition multicenter database. Of the 406 patients who underwent surgery for OVC, patients who met the following criteria were included: 1) affected thoracolumbar junction, from T10 to L2; 2) existence of neurological impairments, including motor weakness or neuralgia in the lower extremity; 3) vertebroplasty with instrumented posterior spinal fusion; and 4) minimum 2-year follow-up after surgery. Patients undergoing surgery for several vertebral fractures, and patients suffered from the fracture by high-energy trauma were excluded. In total, 133 patients, including 42 men and 91 women, were included. The patients were divided into two groups depending on the number of fused segments. The short-segment fusion group (S group) included 87 patients who underwent 2- or 3-segment fusion. The long-segment fusion group (L group) included 46 patients who underwent 4-, 5-, or 6-segment fusion.

Surgical procedure {#Sec3}
------------------

The surgical procedure consists of posterior fixation, which used pedicle screws and rod system, and vertebroplasty, which filled hydroxyapatite blocks or bone cement into vertebrae via the transpedicular approach. The extent of posterior fusion area was decided depending on institutional or surgeon's experience. In some cases, neural decompression was performed using laminectomy. Depending on the institutional policy or surgeons' decision, laminar hooks or sublaminar wiring were used under some circumstances. All patients underwent open surgery with grafting autografts and/or artificial bones posteriorly.

Clinical evaluation {#Sec4}
-------------------

We reviewed patient characteristics, surgical invasion, clinical outcomes, and complications from medical charts in each institution and recorded the data in a predetermined common format. We evaluated preoperative status and clinical results at the point of final medical examination. Patient characteristics included age, sex, affected vertebra, the number of comorbidities, secondary osteoporosis, and preoperative medication with an osteoporosis drug. Comorbidities included cardiac disease, pulmonary disease, renal failure, hepatitis, collagen disease, cancer, Parkinson disease, mental disorders, stroke, neuromuscular disease, and diabetes mellitus. We defined secondary osteoporosis as the prevalence of diabetes mellitus, rheumatoid arthritis, chronic renal failure, post-gastrectomy malabsorption, or oral intake of steroids, anticonvulsants, warfarin, or selective serotonin reuptake inhibitors. We considered the patients who did not present with the above characteristics as having primary osteoporosis. The evaluation of surgical invasion included surgical time and intraoperative blood loss.

Clinical outcomes were evaluated using the Japanese Orthopaedic Association scoring system (\[JOA score\], ranging from 0 \[worst condition\] to 15 \[best condition\]) \[[@CR20]\]; walking ability was rated using the following scoring system: score 1, independent walking; score 2, dependent walking with a cane; score 3, dependent walking with walker; and score 4, unable to walk. The visual analog scale (VAS) was used for low back pain and lower extremity pain or numbness (ranging from 0 \[no symptoms\] to 100 \[worst symptoms\]). The recovery rate of the JOA score was calculated using Hirabayashi's method as follows: (\[final follow-up score--preoperative score\]/\[15--final follow-up score\] × 100).

Radiological evaluation {#Sec5}
-----------------------

Plain radiographs were taken preoperatively, postoperatively, and at the point of final examination in all patients. Typically, radiographs were taken in a standing posture. However, in patients who were unable to ambulate, a lateral decubitus or sitting posture were accepted in replacement. On the lateral view of plain radiographs, we measured local kyphosis angle (LKA) between the upper endplate of the vertebra, one above the affected level, and the lower endplate of the vertebra, one below the affected level using the Cobb method (Fig. [1](#Fig1){ref-type="fig"}). We calculated correction angle as follows: (postoperative LKA--preoperative LKA) and correction loss angle: (LKA at final follow-up--postoperative LKA). Fig. 1Using lateral radiographs, local kyphosis angle (LKA) was measured between the upper endplate of the vertebra one above the affected level and the lower endplate of the vertebra one below the affected level using the Cobb method

Complications {#Sec6}
-------------

We reviewed perioperative complications, such as neurological deterioration, dural tears, hematomas, delirium, pneumonia, cardiac disease, surgical site infections, gastrointestinal disease, venous thrombosis, and electrolyte abnormalities that occurred within 6 weeks after surgery. Requirements for reoperation and the details of these procedures were also assessed.

In addition, we evaluated the presence of pedicle screw back-out, fracture of the uppermost or lowermost instrumented vertebra, and vertebral fracture adjacent to uppermost or lowermost instrumented vertebra on plain radiographs.

Statistical analysis {#Sec7}
--------------------

Categorical and continuous variables were analyzed using Fisher's exact test and Mann--Whitney U test, respectively, using GraphPad Prism7 (GraphPad Software). A *p* value \< 0.05 was considered statistically significant. Values were presented as median \[interquartile range (IQR): 25--75%\].

Results {#Sec8}
=======

Patient demographics {#Sec9}
--------------------

Demographic data of the patients are shown in Table [1](#Tab1){ref-type="table"}. There were no statistically significant differences between the two groups. Table 1Comparison of patients demographicsVariablesS groupL group*p* valueNumber of the patients8746Detail of fused segments: segments (patients) (n)2 (26)3 (61)4 (27)5 (11)6 (8)Age at surgery77 \[72--80\]77 \[73--82\]0.42Men/women (n)28/5914/321Affected vertebra (n)0.59Th1033Th1175Th123618L13118L2102Number of comorbidities1 \[0--1\]1 \[0--2\]0.55Secondary osteoporosis (%)40.234.80.58Preoperative medication of the osteoporosis drug (%)28.741.30.18Preoperative steroid administration (%)6.910.90.51F/u period (mon)43 \[30--59\]37 \[30--54\]0.56Continuous variables are shown as median \[IQR: 25--75%\]*Abbreviations*: *S*, short-segment fusion; *L*, long-segment fusion; *F/u*, follow up

Surgical invasion {#Sec10}
-----------------

The surgical times were 172 \[IQR: 141--195\] min and 260 \[IQR: 213--292\] min in the S and L groups, respectively; the intraoperative blood loss was 293 \[IQR: 150--450\] ml and 448 \[IQR: 220--830\] ml in the S and L groups, respectively (Fig. [2](#Fig2){ref-type="fig"}). In the S group, the surgical time was significantly shorter (*p* \< 0.001) and the intraoperative blood loss was significantly less (*p* = 0.001). Fig. 2Surgical time and blood loss in the S and L groups. Each box indicates interquartile range and line in the box indicates median value. Bar is minimum to maximum; \*\* *p* \< 0.01, \*\*\* *p* \< 0.001

Clinical evaluation {#Sec11}
-------------------

Clinical outcomes comparing the two groups are shown in Table [2](#Tab2){ref-type="table"}. Although preoperative JOA score was significantly worse in the L group than in the S group (*p* = 0.009), the score at final follow-up and the recovery rate were not significantly different. Regarding walking ability grade, there were no significant differences preoperatively and at the final follow-up between the two groups. Scores for low back pain and low extremity pain also showed no significant differences. Table 2Comparison of outcomesVariablesS groupL group*p* valueLBP score (0--100) Pre80 \[65--90\]80 \[60--90\]0.62 Final30 \[10--50\]28 \[10--50\]0.88LEP score (0--100) Pre50 \[10--70\]50 \[15--80\]0.54 Final10 \[0--30\]10 \[0--30\]0.10JOA score (0--15) Pre6 \[3--7\]4 \[1--6\]\< 0.01\*\* Final10 \[8--12\]10 \[6--12\]0.67 Recovery rate50.0 \[28.6--67.3\]50.0 \[24.5--73.3\]0.62Walking ability (1--4) Pre (%)  18.12.20.41  211.54.3  324.134.8  456.358.7 Final (%)  140.234.80.35  231.023.9  319.534.8  49.26.5Correction angle (°)12 \[7--19\]16 \[7--23\]0.14Correction loss (°)9 \[4--13\]4 \[0--10\]\< 0.01\*\*Continuous variables are shown as median \[IQR: 25--75%\]\*\* *p* \< 0.01*Abbreviations*: *LBP,* low back pain; *LEP,* lower extremity pain; *JOA*, Japanese Orthopaedic Association

Radiological evaluation {#Sec12}
-----------------------

In the S group, LKA was 24° \[IQR: 18--33°\] preoperatively, 9° \[IQR: 4--17°\] immediately after surgery, and 19° \[IQR: 14--27°\] at the final follow-up; in the L group, LKA was 25° \[IQR: 16--34°\] preoperatively, 10° \[IQR: 3--16°\] postoperatively, and 12° \[IQR: 8--24°\] at final follow-up (Fig. [3](#Fig3){ref-type="fig"}). Although preoperative and postoperative LKA were comparable between the two groups, LKA at final follow-up was significantly smaller in the L group than in the S group (*p* = 0.017). Correction angle and correction loss are shown in Table [2](#Tab2){ref-type="table"}. Correction angle showed no significant difference between the groups, whereas correction loss was greater in the S group than in the L group. The maximum value of correction loss was 54° in the S group and 36° in the L group. Fig. 3Changes in local kyphosis angle preoperatively, postoperatively, and at final follow-up in the S and L groups; *ns* not significant, \* *p* \< 0.05

Complications {#Sec13}
-------------

Complications observed in each group are shown in Table [3](#Tab3){ref-type="table"}. No significant difference was found between the groups in terms of incidence of perioperative complications, mechanical complications, or reoperation rates. The details of the reoperations are shown in Table [3](#Tab3){ref-type="table"}. Table 3Comparison of complicationsVariablesS groupL group*p* valuePerioperative complications (%)16.115.21Neurological deterioration (%)00Dural tear (%)1.12.21Hematoma (%)02.20.35Delirium (%)8.000.095Pneumonia (%)1.101Cardiac disease (%)02.20.35SSI (%)2.34.30.61Gastrointestinal disease (%)1.14.30.28Venous thrombosis (%)1.101Electrolyte abnormality (%)1.101Fracture of UIV or LIV (%)20.715.20.49VF adjacent to UIV or LIV (%)16.319.60.64Screw cut out (%)6.910.90.51Reoperation (%)11.510.91Implant removal due to screw cut out (%)1.14.3Extension of PSF (%)6.94.3Anterior reconstruction and extension of PSF (%)3.42.2*Abbreviations*: *SSI* surgical site infection, *UIV* uppermost instrumented vertebra, *LIV* lowermost instrumented vertebra, *VF* vertebral fracture, *PSF* posterior spinal fusion

Discussion {#Sec14}
==========

In this retrospective multicenter study, we evaluated surgical results of short- versus long-segment VP + PSF for treating OVC with neurological impairment in the thoracolumbar spine. Neurological recovery, pain scale, and complications were almost the same with both procedures. Surgical time was shorter and blood loss was less in the S group, whereas LKA at the final follow-up and correction loss were superior in the L group. Our findings underscore the effect of fusion extent on surgical outcomes of VP + PSF for treating OVC.

The advantages of short-segment fusion are its lower degree of invasiveness that would be more favorable for elderly patients and preservation of more motion segments. In contrast, short-segment fusion generates concerns about provoking excessive load to the constructs, leading to early implant failure and loss of sagittal alignment \[[@CR21]\]. Regarding rigidity after posterior spinal instrumentation, the longer the spinal segments are instrumented, the more stability appears to be acquired. In biomechanical studies on thoracic \[[@CR22]\] and thoracolumbar vertebral fracture models \[[@CR23]\] that are stabilized with pedicle screws and rods, two-levels above and below constructs provided more stability than one-level above and below constructs.

In clinical studies comparing short- versus long-segment fixation, limited evidence is available regarding thoracolumbar burst fractures. Tezeren and Kuru \[[@CR24]\] and Altay et al. \[[@CR25]\] showed similar clinical outcomes of short- and long-segment fixation, although sagittal radiographic parameters were superior for long-segment fixation. Ugras et al. \[[@CR26]\] reported that procedures preserving one lumbar segment showed no differences from those of long-segment fixation with respect to both clinical and radiographic outcomes.

Regarding OVC, evidence on the effect of the extent of fusion segments on surgical outcomes has been poorly documented. Because these osteoporotic patients have fragile bones, there have been some apprehension as to whether short-segment fusion would provide sufficient stability. In our study, JOA score recovery, pain relief, walking ability, complications in the perioperative period, and mechanical complications including instrumented vertebral fractures and screw cut-out, showed no difference between the groups, suggesting that short-segment fusion offers almost the same clinical outcomes as long-segment fusion. Meanwhile, in accordance with biomechanical studies, our study suggested that long-segment fusion is superior for the management of LKA. In this regard, if the purpose of surgery is not only pain or neurological recovery but also correcting alignment to appropriate degree, long-segment fusion would be more suitable. Nevertheless, there remains uncertainty regarding the correction of kyphosis, despite excessive invasion because there is no consensus regarding the amount of acceptable residual deformity \[[@CR27]\], especially in elderly patients.

Despite of the extent of fusion segment, some patients experienced a large amount of correction loss. To circumvent this, an anterior reconstruction can be added to posterior fixation. However, the surgical invasion would be larger in this case \[[@CR7], [@CR17]--[@CR19]\]. Another potential prevention might be the administration of teriparatide \[[@CR28], [@CR29]\], the use of expandable screws \[[@CR30]\] or cement augmentation of pedicle screws \[[@CR31], [@CR32]\].

Our study has several limitations. There is some institutional bias in surgical indications, procedure, and determination of the extent of fusion segments. Nevertheless, no significant differences were observed between the two groups with respect to age, gender, affected vertebra, secondary osteoporosis, preoperative use of osteoporosis medication, and follow-up period. In this context, it is reasonable to compare these two surgical methods for a retrospective study.

One of the reasons the decision of the surgical technique used varies may be due to the fact that no classification is available for this disorder. To compare the outcomes of the procedures more precisely, there is a great need for a classification for OVC warranting the decision of surgical procedure.

Another limitation is that we evaluated LKA as a sagittal parameter, but not global alignment parameters. Because the concept of global alignment was not sufficiently recognized in early part of the study period, whole spine radiographs were not obtained from some patients. Further investigation is required to determine the acceptable posttraumatic deformities.

Conclusion {#Sec15}
==========

Despite the fact that short-segment VP + PSF showed less invasiveness and validity of pain and neurological relief, more correction loss was observed than for long-segment VP + PSF. Surgeons should be cautious regarding correction loss when performing short-segment VP + PSF.

VP + PSF

:   Vertebroplasty with posterior spinal fusion

OVC

:   Osteoporotic vertebral collapse

LKA

:   Local kyphosis angle

JOA

:   Japanese Orthopaedic Association

VAS

:   Visual analog scale

IQR

:   Interquartile range
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